A blind H I survey of the extragalactic sky behind the southern Milky Way has been conducted with the multibeam receiver on the 64-m Parkes radio telescope. The survey covers the Galactic longitude range 212
Introduction
In addition to serving as a direct probe of neutral hydrogen gas, observations of the 21-cm line of H I allow the detection of galaxies through the thickest Galactic obscuration and the presence of the highest foreground stellar confusion, which mask galaxies at optical/IR wavelengths. The historical Zone of Avoidance (ZOA) has prevented study of the distribution of galaxies behind the Milky Way and is most pronounced in the optical. Dedicated low-Galacticlatitude optical searches and surveys of galaxies in the infrared have narrowed the ZOA, but still fail to detect galaxies where Galactic emission, dust obscuration, and stellar confusion prevent the recognition of background galaxies. The near-infrared (NIR) has been particularly fruitful for finding large numbers of low-latitude galaxies. However, the most homogeneous NIR wide-angle redshift survey, the 2MASS Redshift Survey (Huchra et al. 2012) , is still not an all-sky survey, as it retains a gap of 5
• − 8
• around the Galactic Plane. While this does not affect our understanding of galaxy populations, as there is no reason to think galaxies in the ZOA are in any way different from high-latitude ones, the lack of information in the ZOA contributes uncertainty to our understanding of dynamics in the local Universe. Controversial results persist for the apex and convergence radius for the CMB dipole from galaxy redshift and peculiar velocity surveys (e.g., Erdogdu et al. 2006; Watkins et al. 2009; Lavaux et al. 2010; Lavaux and Hudson 2011; Courtois et al. 2012 , Ma et al. 2012 Springob et al. 2014) . While insufficient depth in redshift space of the relevant datasets (e.g., optical, 2MASS, IRAS, galaxy clusters) may be a factor, the incomplete mapping of the ZOA is also important (e.g., Lahav 2000, Loeb and Narayan 2008) .
Beyond the ability to find galaxies in regions of arbitrarily high extinction and stellar confusion, using the 21-cm line of H I to detect galaxies has the added benefit of immediate redshift measurement, eliminating the need that two-dimensional imaging surveys have for follow-up observations to obtain redshifts. This blind H I survey technique for finding hidden galaxies was pioneered by Kerr and Henning (1987) , but technology allowing large areas of the sky to be surveyed at 21-cm became available only relatively recently, with L-band multibeam receivers installed on the Parkes, Arecibo, Jodrell Bank Lovell, and Effelsberg radio telescopes.
We report here on a 21-cm H I survey of the southern hemisphere ZOA, fully covering the area 212
• < ℓ < 36
• ; |b| < 5
• to a sensitivity of 6 mJy at velocity resolution of 27 km s −1 with the 64 m Parkes radio telescope. We refer to this survey as HIZOA-S. A shallow survey of this area, with partial data and much lower sensitivity (15 mJy), was presented by Henning et al. (2000) , and an intermediate-depth study of the Great Attractor region was conducted by Juraszek et al. (2000) , with rms 20 mJy at slightly better velocity resolution. Two extensions to the north (ℓ = 36
• − 52
• and ℓ = 196 • − 212 • ) have been studied at identical sensitivity to HIZOA-S by Donley et al. (2005) . We refer to this as HIZOA-N. A region of the Galactic Bulge, above and below our latitude range around the Galactic Center, has also been surveyed to higher Galactic latitude, but has not been fully analysed yet. Preliminary descriptions appear in Shafi (2008) and . The current work presents the data for the main fullsensitivity southern ZOA survey, HIZOA-S. The discussion of large-scale structures ( §7) makes use of the combined southern and northern data. We refer to the combined sample as HIZOA. The H I Parkes All-Sky Survey (HIPASS; Meyer et al. 2004 ) also covers the area, but to 2-3 times lower sensitivity than the current work and is unable to define detailed structure at Great Attractor distances.
An early fully-sampled, blind, but shallow H I survey (Koribalski et al. 2004 ) has delineated local large-scale structures at low Galactic latitudes. Further, pointed 21-cm observations of partially-obscured galaxies have revealed large-scale structures in selected regions (Kraan-Korteweg, Henning and Schrö-der 2002; Schröder, Kraan-Korteweg and Henning 2009 ), but the current work covers the entire southern ZOA, over 1800 deg 2 , in a blind, deep, and complete fashion. The remainder of the great circle of the ZOA in the northern hemisphere is now being surveyed by the Arecibo (Henning et al. 2010 , McIntyre et al. 2015 and Effelsberg (Kerp et al. 2011 ) radio telescopes. There are also ongoing efforts to uncover the threedimensional distribution of partially-obscured galaxies with pointed 21-cm observations of selected galaxies visible in the NIR with the Nançay radio telescope (van Driel et al. 2009 , Ramatsoku et al. 2014 . The combination of H I and deep NIR imaging in regions of modest extinction and stellar confusion allows determination of peculiar velocities via the Tully-Fisher relation, and thus provides information on galaxy flows. Such surveys are possible in the ZOA with the advent of large H I surveys, such as the current work, and followup NIR imaging of the counterparts of the HIZOAgalaxies (Williams et al. 2014, Said et al. in prep.) . In the future, all-sky H I surveys, using the Australian Square Kilometre Array Pathfinder (ASKAP: Koribalski 2012) , and the APERture Tile In Focus system on the Westerbork telescope in the north (APERTIF: Verheijen et al. 2009 ), will allow comprehensive and complete mapping of large-scale structures as revealed by neutral hydrogen. Preparatory work is already underway for such large interferometric ZOA surveys; for instance the Westerbork Synthesis Radio Telescope (WSRT) has been used for a deep ZOA mosaic with a field of view close to that of the forthcoming APERTIF system. Ultimately, the SKA itself will extend such H I surveys further in redshift.
In §2, we present details of the observations and data reduction for the survey; in §3 we describe the sample compilation and H I parametrization. In §4, H I properties of the sample are presented, and multiwavelength counterparts are described in §5. §6 presents the survey's completeness, reliability and parameter accuracy. In §7, new large-scale structures and their relationships to high-latitude structures are discussed. We present conclusions in §8.
Observations and Data Reduction

Multibeam Observations
The observations described here were taken with the 21-cm multibeam receiver (Staveley-Smith et al. 1996) at the Parkes telescope between 1997 March 22 and 2000 June 8, contemporaneously with the southern component of HIPASS. The observations cover the Galactic longitude range 212
• in 23 separate regions, each 8
• wide in longitude, and cover the latitude range 5
• > b > −5
• with almost uniform sensitivity. As noted above, later observations (Donley et al. 2005 ) extended the longitude range by 16
• in each direction (HIZOA-N). The observational parameters are identical to those described in Donley et al. (2005) , but are summarised in Table 1 for completeness.
Each of the 23 longitude regions (8 • in longitude by 10
• in latitude) was scanned in raster fashion by the telescope at a rate of 1
• min −1 , in a direction of increasing, or decreasing, Galactic longitude. Each scan therefore lasted 8 minutes plus overlap and turnaround time. The central beam was scanned at constant latitude; however, to minimise bandpass effects, the receiver was not rotated ('parallactified') during the scan. The other 12 beams tended therefore to deviate slightly from constant latitude. The receiver rotation was adjusted such that the feed rotation was approximately 15
• from the direction of the scan at the mid-point of each observation (Staveley-Smith 1997) . This ensured almost-Nyquist coverage of the sky even for a single scan, covering a region 1.
• 7 × 8 • in size. However, for sensitivity reasons, each of the 23 regions was raster scanned 425 times, giving a total integration time of approximately 2100 s for each point of the sky (with the actual value dependent on gridding strategy) and an rms noise of 6 mJy beam −1 . The observations were conducted at night over a period of three years, and there was considerable redundancy in the data. Each point in the sky was visited hundreds of times, allowing mitigation of the already low levels of radio frequency interference (RFI) in this band. For more details, see Meyer et al. (2004) . The main issue encountered was confusion with Galactic recombination lines (see Meyer et al. 2004 or Alves et al. 2015 which, being diffuse and associated with radio continuum emission, was straightforward to recognise in the image domain.
The central observing frequency was 1394.5 MHz with a bandwidth of 64 MHz and a channel spacing of 62.5 kHz. This corresponds to a velocity range of −1, 280 < cz < 12, 740 km s −1 , and a channel spacing of 13.2 km s −1 at zero redshift. After Hanning smoothing, the velocity resolution was 27 km s −1 . The correlator integration time was 5 sec, resulting in negligible smearing along the scan direction. Two orthogonal linear polarisations were recorded, and combined to Stokes I in the gridding step (see below). Calibration against the continuum radio sources Hydra A and PKS B1934-638 was usually monitored on a daily or weekly basis to check system performance. However, all calibration was referenced to a continuously firing noise diode inserted in each of the 13 feeds at 45
• to the transducers. No evidence was found for any time variability in the noise diode amplitude. Neither is there any measurable gain-elevation effect at the Parkes telescope at these frequencies.
Data Reduction through to Cubes
The spectral data was reduced at the telescope in real time using the LiveData package 1 . LiveData buffered the incoming data and applied position interpolation so that the correct beam position was assigned to the mid-point of each correlator spectrum. It then applied a barycentric correction using an FFT shift and smoothed the data with a Tukey 25% filter (see Barnes et al. 2001) . Bandpass correction was then applied using reference spectra derived from the median of all spectra taken within 2 min (±2
• in the scan direction)
1 http://www.atnf.csiro.au/computing/software/livedata of each spectrum being corrected, except where a scan boundary was encountered. The reference spectrum was calculated separately for each beam and polarisation. Up to 49 spectra, including the spectrum being corrected, were used to form each reference spectrum. The median statistic helped to suppress any RFI and any compact HI emission in the reference spectrum, which would otherwise appear as a spatial sidelobe. The bandpass was then corrected, and the flux density calibration applied. Automated and manual quality control measures were used to ensure that high data quality was maintained. Scans containing bad data, or scans containing telescope or correlator errors were always re-observed, unless the errors were not recognised until after the completion of all ZOA observations. Gridding into sky cubes was performed using gridzilla, also written especially for the large datasets arising from multibeam observations (this data set consists of over 24 million spectra). Cubes were made using a simple top-hat median filter of all the data for a given spectral channel lying within a radius of 6 ′ of each pixel. Although this technique loses S/N ratio relative to normal least-squares parametric techniques, it proved extremely effective in removing residual RFI or variable baseline ripple without extensive manual intervention. As noted in Barnes et al. (2001) , this particular gridding kernel requires an adjustment to the flux scale of 28% in order that the flux density of compact sources is preserved. This is applied directly to the cubes.
The pixel size of the final cubes is 4 ′ in RA and Dec and 13.2 km s −1 in velocity (at zero redshift). The gridded FWHP beamsize is approximately 15.
′ 5, compared with the normal Parkes beam at 1400 MHz of 14.
′ 3, averaged across the 13 beams. Most of the considerable continuum emission was removed using the bandpass correction procedure described above. However, residual continuum emission remained, and this was further suppressed using the 'scaled template method' (luther), written by one of us and described in Barnes et al. (2001) , where a weighted spectral template derived from the strongest sources in the field was scaled in amplitude to fit to the spectrum at each point in the cube. Finally, the data cubes were Hanning-smoothed to minimise ripple from strong Galactic H I signals. This results in a final velocity resolution of 27 km s −1 . Spectra from the final cubes are available for down- 
Sample Compilation and H I Parametrization
The initial HIPASS automated source list ) required the visual inspection of 33 times the number of galaxies that appeared in the final catalog. Due to residual baseline excursions, especially in the presence of strong continuum, the efficiency of automated algorithms applied to the HIZOA data was even lower. Therefore, we chose to create the HI-ZOA catalog by visual searches alone. Each Hanningsmoothed cube was independently visually inspected by 2 or 3 authors, over the entire velocity range from −1, 200 km s −1 to 12, 700 km s −1 , using the visualization package karma (Gooch 1996) . The candidate lists created by each searcher were given to a single author who served as "adjudicator" for all cubes to produce as uniform a final catalog as possible. There were no quantitative a priori selection criteria, although for a signal to be accepted as extragalactic H I it had to be at or exceeding the 5σ level in peak flux density, at least marginally extended in velocity, and cleanly separated from Galactic H I in velocity space. Galactic gas tends to be more diffuse than external galaxies at our resolution, which are typically unresolved by the Parkes beam, although compact clouds certainly exist. While it is difficult to securely discriminate between HighVelocity Clouds and nearby dwarf galaxies in H I, the former are generally spatially more extended and visibly related to lower-velocity Galactic gas in our cubes.
Generally, the H I sources showed distributions in velocity space consistent with known H I sources, i.e. either two-horned, flat-topped, or Gaussian profiles, and are well separated from Galactic gas velocities.
Once the final list of sources was made, the determination of H I parameters was done using the program mbspect within the miriad package (Sault et al. 1995) . For each source, zeroth-moment maps were made, and the centroid of the H I emission was obtained by Gaussian fitting with either a FWHM equal to the gridded telescope beam for unresolved galaxies, or a Gaussian of matching width in the case of resolved galaxies. Using this fitted position, the weighted sum of the emission along the spectral dimension of the datacube was calculated, producing the one-dimensional H I spectrum. Each spectrum was visually inspected, and a low-order polynomial was fit to the line-free channels and subtracted, to remove any slowly-varying spectral baseline. The total flux due to H I was then determined from this baseline-subtracted spectrum by integrating across the channels containing 21-cm emission. The heliocentric velocity (in the optical convention, v = cz) of each source was determined by taking the average of the velocity values at the 50% of peak flux points on the profile. Linewidths at the 50% or 20% of peak flux levels were measured (w 50 and w 20 respectively), using a width-maximizing algorithm. To correct for instrumental broadening due to the coarse velocity resolution after Hanning smoothing (27 km s −1 ), the values of w 50 and w 20 were decreased by 14 and 21 km s −1 , respectively (Henning et al. 2000) . The errors on all values were calculated using the formalism of Koribalski et al. (2004) ; they do not take into account baseline fitting errors. The errors that depend on linewidth (errors on heliocentric velocity, w 50 and w 20 ) were calculated using the observed (uncorrected) linewidths and are therefore somewhat conservative values. In the case that the linewidth at 20% of peak flux was not robustly measurable due to the signal's being too close to the noise level, no value is listed in the catalog (Table 2). Because the errors on heliocentric velocity and w 50 also depend on w 20 , via measurement of the steepness of the profile edges, the sample average value of (w 20 − w 50 ) = 42 km s −1 was used to calculate these two errors when w 20 was not available for a particular source.
The Catalog
The H I profiles for the first 32 of the 883 galaxies in the survey are shown in Figure 1 (the remainder are available in the online version of the Journal). Vertical lines indicate the spectral ranges used for baseline subtraction, and the linear or polynomial fit is shown. On each profile, the peak, 50% and 20% levels are noted with dots. Table 2 is an example page of the full catalog (the table is published in its entirety in the electronic edition of the Astronomical Journal); it lists H I parameters and derived quantities for the galaxies in the following columns:
Columns (1) and (2) -Source name and flag. HI-ZOA galaxies in the Great Attractor region which were first reported by Juraszek et al. (2000) and in HIZOA-N (Donley et al. 2005) retain their original names, even if the position measurement has been improved by this survey. Names affected by those positional changes are indicated with an asterisk in Col. 2. The H I parameters quoted are for the current work.
Columns (3a and 3b) -Equatorial coordinates
H I Properties of the Sample
An overview of the H I properties of the sample of 883 galaxies is shown in Fig. 2 . The top panel shows the distribution of the galaxies' recessional velocities in the Local Group frame of reference. The distribution generally reflects the noise-limited sensitivity of the survey, but also reveals the overdensity of galaxies in the Great Attractor region, at about 5000 km s −1 . This feature is apparent despite the averaging across a variety of large-scale structures in this wide-angle survey, described in more detail in §7. The HIZOA survey was designed to map large-scale structure at the distance of the Great Attractor more completely than the HIPASS survey, which did not have the sensitivity to trace structure beyond about 4000 km s −1 (the rms for HIPASS is 13 − 22 mJy in the Galactic Plane versus an average of 6 mJy for HIZOA). This allowed HIZOA to detect galaxies at lower H I masses, and thus probe lower down the H I mass function at Great Attractor distances (eg. Fig. 3 ).
The next panel shows the distribution of H I linewidths measured at half-peak, w 50 , which has a mean value of 163 km s −1 and a median of 147 km s −1 , with large, non-Gaussian variation from the smallest value of 17 km s −1 to 699 km s −1 maximum. Three detections, which we believe are not confused, have w 50 > 600 km s −1 , the largest of which (J1416−58, w 50 = 699 km s −1 ) is a perfectly edge-on spiral. The iteratively-clipped rms noise at the location of each detected source is shown in the next panel. Due to the clipping and the limited velocity range over which the measurement is made, this is normally much lower than the overall cube rms of 6 mJy. Some galaxies were found in areas with rms as high as 10 − 20 mJy at the edge of the field or near strong Galactic foreground radiation. The lowest panel shows the distribution of the H I masses, which ranges from 6.8 to 10.8 in the logarithm, with a mean of 9.5 and a median of 9.6. The most massive H I object, HIZOA J0836−43, has been the subject of radio interferometry and deep NIR Velocity, cz (km s −1 )
Flux density (Jy) follow-up observations, showing it to be a high surface brightness, massive disk galaxy with an extended H I disk (Donley et al. 2006; Cluver et al. 2008 Cluver et al. , 2010 . The well-known Circinus galaxy lies within the survey area, and is re-detected here as HIZOA J1413−65. The narrow velocity width, low-H I-mass (log M HI = 7.24) detection HIZOA J1353−58, less than 8
• from Circinus, has a recessional velocity that is only about 200 km s −1 different from the large galaxy. At the low recession velocities of these objects of only a few hundred km s −1 , Hubble flow distances are very uncertain, but it seems likely this newly-detected object is a previously-unknown galaxy which is related to the Circinus galaxy. As its velocity corrected to the Local Group frame is negative, and thus a Hubble distance is undefined in this frame, we adopt a redshift-independent distance measurement to Circinus, 4.2 Mpc (Tully et al. 2009 ), as the distance to both HIZOA J1413−65 and HIZOA J1353−58.
The Circinus galaxy as well as four other detections (J1509−52, J1514−52, J1532−56, J1616−55) are significantly extended, that is, resolved with respect to the 15.
′ 5 beam. Figure 3 shows the distribution of H I mass as a function of velocity in the Local Group frame for the HIZOA-S and HIPASS samples. This illustrates the higher sensitivity of the HIZOA survey over HIPASS, as HIZOA finds lower H I-mass galaxies at all distances, but also reflects the smaller area covered, which produced fewer detections overall, compared to HIPASS. The completeness limit for HIZOA-S is also shown in the figure and is fully described in §6. As in the top panel of Fig. 2 , despite the inclusion of a variety of large-scale structures probed in this wide-angle survey, clear overdensities at ∼ 2500 km s −1 (Hy/Ant and Puppis) and ∼ 5000 km s −1
(the Great Attractor region) are evident in the velocity distribution of the HIZOA galaxies. These structures are discussed in detail in §7.
Multiwavelength Counterparts
To find counterparts for the H I detections, we have (a) searched the literature through online databases, and (b) searched images at various wavelengths.
Our main literature search was done using the NASA/IPAC Extragalactic Database (NED) 3 . We submitted a list of the H I detections through the NED 3 http://ned.ipac.caltech.edu/ Fig. 2 .-HI parameters of the 883 galaxies detected in the HIZOA-S survey. From top to bottom the histograms display the radial velocity v LG , the linewidth w 50 , the clipped rms noise at the position of the detected galaxy, and the H I-mass distribution. ′ 5 search radius (status 2013 August). For comparison, we also conducted a search with the SIMBAD 4 Astronomical Database. There were only a couple of cases in which SIMBAD had a galaxy listed but NED did not. On the other hand, SIMBAD listed more (unclassified) IRAS sources than NED, which we looked at (using their colors as a firstorder indicator for galaxies). The searches also supplied a redshift where available. Particular attention was paid to galaxies with optical redshifts since these have negligible positional uncertainties.
For the visual search, we downloaded images from the SuperCOSMOS Sky Surveys 5 (B-band), the Digitized Sky Surveys (DSS) 6 (R-and I-band), 2MASS 7 4 http://simbad.u-strasbg.fr/simbad/ 5 http://www-wfau.roe.ac.uk/sss/ 6 http://www3.cadc-ccda.hia-iha.nrc-cnrc.gc.ca/en/dss/ 7 http://irsa.ipac.caltech.edu/applications/2MASS/ (K s -band) as well as UKIDSS 8 and VISTA 9 wherever possible (mainly K s -band but if not available we used the band closest in wavelength). Finally, we added K s -band images (as well as in J or H when necessary) which were obtained at the Infrared Survey Facility at Sutherland (IRSF) for the purpose of extracting photometry on all galaxies within the HIZOA search circles. A first set of this catalog was published by Williams et al. (2014) and the rest is in preparation (Said et al. in prep.) .
While the field-of-view of the IRSF images is 8 ′ × 8 ′ , the downloaded images were extracted as 9 ′ × 9 ′ or, in some cases, 10 ′ × 10 ′ . The 2MASS images are only 8.
′ 5 wide and clearly not all of the 4. ′ 5-radius search circle could be covered in a single image. 2MASS images covering the missing bits of the search area were added when no suitable candidate could be found at any other passband. In addition, the DIRBE/IRAS maps 10 (Schlegel et al. 1998) were downloaded and viewed together with the images to take into account the amount and distribution of extinction in the area. WISE 11 images (Wright et al. 2010) were used to better distinguish between galaxies and Galactic objects.
Images were viewed with DS9 12 and overlaid with regions indicating (i) the H I position, (ii) the 4.
′ 5 search radius, and (iii) the positions of the objects found with NED and SIMBAD. We added positions from HIPASS ) and the HIZSS shallow survey catalog (Henning et al. 2000) . While displaying the H I parameters, these images were searched simultaneously by eye to detect any possible galaxy in the field. Most galaxies found in the literature were visible in at least one passband, and quite often unpublished galaxies could be found, especially blue late-type galaxies (often not or barely visible in the NIR) or, on deep NIR images, galaxies at high extinctions or near the Galactic bulge where 2MASS has difficulty detecting galaxies due to severe star crowding.
If more than one galaxy was found, the most likely counterpart was selected based on the H I parameters, the appearance of the galaxy on the images and the extinction information. In some cases no reasonable decision could be made on which of the galaxies is the counterpart, hence, both possible (but ambiguous) candidates are retained. In other cases, the chosen candidate was classified as 'probable', indicating that another galaxy could also be considered as the counterpart albeit less likely. This class was also used when no second candidate was visible but the appearance of the galaxy was not an ideal match with the H I parameters. Finally, sometimes more than one candidate is considered to contribute to the profile (i.e., the profile is likely to be 'confused').
Some of the counterparts lie beyond the nominal 4.
′ 5 search radius. They were found when a larger search circle seemed appropriate (cf. the discussion below).
The counterparts are listed in Table 3 (an example page of which is shown here), which is published in its entirety in the electronic edition of the Astronomical Journal. It is divided into three parts, reflecting the different types or counterparts found as explained above. Table 3a lists those HIZOA detections which either have a single or no counterpart. Table 3b presents detections where more than one galaxy is assumed to contribute to the H I profile (note that where the confusing partner was another of our H I detections we do not list them separately). Finally, Table 3c lists those cases where more than one candidate was found but, judged by the profile, only one of them is the likely counterpart. The columns are as follows:
Column (1) -Source name as in Table 2 .
Columns (2a and 2b) -Galactic coordinates of the H I detection.
Column (3) -Distance to the H I galaxy in Megaparsec, as in Table 2 .
Column (4) -Logarithm of the H I mass, as in Table 2 .
Column (5) -Extinction in the B-band, converted from E(B − V) given in Table 2 using R B = 4.14. A star denotes an extinction value deemed to be uncertain during the search (e.g., due to high spatial variability).
Column (6) -Classification of the counterpart; 'd' = definite, 'p' = probable, 'a' = ambiguous, 'c' = confused candidate; '-' = no candidate.
Column (7) -Flags for counterparts in major catalogs: 'I' stands for IRAS Point Source Catalog (Helou & Walker 1988) , 'M' for 2MASX (Jarrett et al. 2000) , 'W' for Williams et al. 2014 (the IRSF catalog), 'H' for the HIPASS catalogs (South, Meyer et al. 2004 and North, Wong et al. 2006) or 'h' for other HIPASS publications (Kilborn et al. 2002; RyanWeber et al. 2002) , 'S' for the H I Parkes ZOA Shallow Survey (HIZSS, Henning et al. 2000) , and 'Z' for earlier HIZOA publications (Juraszek et al. 2000 and Donley et al. 2005) .
Column (8) Column (9) -Source 'l' for name and coordinates: 'N' is listed in NED, 'S' is listed in SIMBAD, 'c' is coordinates measured on DSS or NIR images (note that some published coordinates were not centered properly so we give the measured ones).
Column (10) -Note in the appendix.
Columns (11a and 11b) -Equatorial coordinates (J2000.0) of the counterpart.
Column (12) -Distance between the H I fitted position and the counterpart position in arcminutes.
Column (13) -One name in the literature in this order of preference: NGC, ESO, RKK/WKK, CGMW, 2MASS, others.
Results of counterpart search
Of the 883 H I detections, we found cross matches for 688 (78%). At least 18 (2%) H I detections have more than one counterpart, that is, more than one galaxy contributes to the H I profile, see Table 3b (not counted here are detections that are confused but could be separated into their H I components which are all listed in Table 2 ). For another 17 (2%) H I detections, there is no unambiguous counterpart. Instead we list two possible candidates each in Table 3c (note that these profiles do not show any indication of confusion).
A total of 295 (33%) detections have been detected previously in H I, where 256 (28%) have been detected with HIPASS and 110 (12%) are also listed in the HIZSS catalog.
Of the 708 cross matches found (from Table 3c we count arbitrarily only the first entry each), 328 (46%) are listed in NED or SIMBAD (N S = 3), an additional 138 (19%) are detected by Williams et al. (2014) on deep NIR images, and 240 (34%) have no optical/IR counterparts. There are 128 (18%) IRAS counterparts (with a further 8 (1%) uncertain identifications), 248 Table 3 Crossmatches of the H I detections. This table is published in its entirety in the electronic edition. (35%) are listed in 2MASS, and 58 (8%) have an optical (that is, independent) velocity. Of the 558 single cross matches (that is, matches from Table 3a only and excluding probable matches), the median distance between the H I position and the actual position is 1.
′ 4, while 95% of the cross matches have a distance < 3.
′ 8. The dependence of the mean and median distance on signal-to-noise ratio (SNR) is shown in Fig. 4 . Aside from low SNR, unusually large distances are probably due to offset emission or confusion (two or more galaxies contributing to the emission) (cf. Table 3b ).
For example, in Fig. 4 (2004) find that 95% of their optical cross matches have a positional offset < 3.
′ 2. If we use a cut in peak flux similar to theirs (S p = 0.116 Jy), our offset for 95% of our cross matches is < 3.
′ 7. Reasons for the difference can be our smaller sample size for this cut (N = 57) and the fact that Koribalski et al. use the nearest match in HyperLEDA, while we make an informed decision which of the close-by galaxies is the counterpart. In fact, we find that for 13% of our H I detections there is a galaxy closer than the cross match.
Properties of the counterpart sample
With a counterpart found for 78% of the H I detections, we can investigate whether there are any systematics that affect the finding of counterparts. Obviously there is a dependence on extinction, although we find that the identification of counterparts is fairly independent of extinction up to A B ≃ 13 m due to the available deep NIR imaging (VISTA, UKIDSS, IRSF).
Galaxies with high H I mass and broad linewidths are more easily recovered than (late-type) dwarf galaxies, although this also depends on the extinction. Figure 5 shows histograms of the H I mass of crossidentified H I detections dependent on the location in the ZOA (Puppis area 212
• in blue). In the Puppis area, far from the Galactic Bulge, we find almost all HIZOA detections have cross matches. However, the detection rate decreases with H I mass for galaxies found in the Local Void / Galactic Bulge area where stellar crowding and extinction severely affects the cross-identification in the optical/NIR.
Completeness, Accuracy and Reliability
Completeness
Previous analysis of the data in the otherwise identical northern extension of this survey, HIZOA-N ( Donley et al. 2005) , has concluded that the completeness limit lies at a mean flux density of 22 mJy. That is, galaxies with profiles whose mean flux density, S , is greater than 22 mJy are generally detected with high completeness. Galaxies below this threshold can be detected, but with increasingly poor completeness. The main exceptions to this limit, as also noted by Donley et al. , are in regions of high rms at the edge of the field of view and, more importantly, towards bright radio continuum regions in the Galactic Plane. Bright Galactic continuum not only raises the receiver temperature and lowers sensitivity, but can also give rise to non-flat spectral baselines, hampering detectability. A histogram of the mean flux density, S , for HIZOA-S constrained by 212
• ≤ ℓ ≤ 36
• and |b| ≤ 5
• is shown in Fig. 6 , as well as three subsets of different Galactic longitude ranges of width ∆ℓ = 60
• . In agreement with Donley et al., incompleteness in mean flux density is obvious below 30 mJy. Incompleteness seems to drop off more quickly in the region represented by the blue histogram which contains the Local Void. This is probably due to a combination of the higher continuum in this region (see below) and large-scale structure.
The 883 galaxies detected in HIZOA-S are overlaid on an image of the Galactic continuum background made from the same multibeam data by Calabretta, Staveley-Smith & Barnes (2014) in Fig. 7 , bottom panel. The anti-correlation between Galactic continuum and galaxy detection is noticeable for |b| < 1
• , although note that the Local Void ( §7) results in reduced galaxy density at all latitudes for ℓ > 350
• . Figure 7 also shows the correlation with dust extinction (top panel). Although a broadly similar anti-correlation at |b| < 1
• is evident, a detailed comparison shows that galaxies can be detected at all optical extinctions (including A B > 50 mag) as long as the Galactic foreground temperature is T B < 20 K. More quantitatively, the detection rate as a function of Galactic latitude is plotted in Fig. 8 . A deficit in detections is apparent outside the nominal latitude range ±5
• and at |b| < 1.5
• . The latter deficit is much more striking near the Galactic Center. The relative surface density of galaxies found at increasing continuum temperature and optical extinction is shown in Fig. 9 . The anti-correlation with continuum is much tighter than for extinction, Fig. 6 .-Log of the mean H I flux density S , (flux integral divided by the linewidth w 50 ) for all HIZOA-S galaxies that lie within the survey limits at which full sensitivity is reached (|b| < 5
• ). The black line corresponds to a slope of −3/2 that would be expected for a homogeneous distribution. The colored histograms subdivide the survey area into three equal-sized intervals of ∆ℓ = 60
• (similar to Figs. 5).
with ∼ 100% detectability for T B < 7 K, decreasing to 50% at 10 K and to almost zero at T B > 16 K, although the latter represents only 1.9% of the area surveyed. As with HIZOA-N, the reason for the low detectability in regions of bright continuum is mainly the increased baseline ripple and higher system temperature. Very little of the Galactic Plane is optically thick at 1.4 GHz. The significant numbers of galaxies detected in this survey allow a more detailed characterisation of completeness than made by Donley et al. (2005) . We use the technique of Rauzy (2001) , which is a modified V/V max test. This has previously been used for H I surveys alongside false-source injection techniques by Zwaan et al. (2004) for HIPASS and Hoppmann et al. (2015) for the Arecibo Ultra Deep Survey (AUDS), and has been shown to be a robust alternative. Its main advantage is that, compared with source counts (e.g., Fig. 6 ), it is insensitive to large-scale structure, which is considerable in the southern ZOA. Disadvantages are: (a) it does not allow the characterisation of a 'soft' rolloff in completeness; and (b) Fig. 7 .-Distribution in Galactic coordinates of the HIZOA-S galaxies (white dots) superimposed on the re-calibrated DIRBE dust extinction maps (Schlafly & Finkbeiner 2011), top panel, and the Galactic background continuum maps (Calabretta et al. 2014) , bottom panel. Note that galaxies are detected at some of the highest dust column density values, while this is not true for the highest continuum levels (see also Fig. 9 ). the method assumes no substantial variation in the shape of the H I mass function with position, e.g., as a function of environment. Evolutionary effects (Rauzy 2001) and bright limits (Johnston, Teodoro & Hendry 2007) can be incorporated, but are unnecessary for this analysis.
Results of the Rauzy test are presented in Table 4 and Fig. 10 . For regions within the main survey area (212
• ) and T B < 7 K, the T c = −3 completeness limits are F • = 3.1 Jy km s −1 for flux integral and S • = 21 mJy for mean flux density. The Rauzy test indicates that there is only 0.6% probability that the actual completeness limits are fainter than this. The mean flux density limit (defined here as the ratio of flux integral, F, to the velocity width prior to resolution correction, w u 50 ) is satisfactorily similar to the value of 22 mJy deduced by Donley et al. (2005) . However, Fig. 10 shows that the flux-integral completeness starts to reduce below 100% well above the formal completeness limit. To a lesser extent, the mean flux density completeness also rolls off. The reason for this is that, as shown in previous blind H I surveys, completeness is a function of both flux and velocity width. This is illustrated in Fig. 11 where galaxies of a given flux integral are clearly easier to detect at fainter limits when they have a narrow linewidth, w. Conversely, galaxies of a given mean flux density are easier to detect when they have a large linewidth.
The radiometer equation suggests that the flux integral selection limit should scale as w α , with α = 0.5. Conversely, the flux density selection limit should scale approximately as w α−1 . However, the wellknown effect of baseline ripple makes high velocity width galaxies harder to detect in practice. At Parkes, the primary ripple wavelength corresponds to 1,200 km s −1 . Figure 11 shows that a more appropriate index is α = 0.74, where the selection limit is characterised for flux integral by F • (w −1 and 14 mJy, respectively. Thus defined, 92% of the sample is brighter than the hybrid selection limit, compared with only 75% and 81% for pure flux and flux density-limited samples, respectively. Addi- Fig. 9 .-Detection rate as a function of foreground extinction (left panels) and continuum background (right panels). Colors represent different latitude cuts: black, blue, green, red, magenta for |b| < 5, 4, 3, 2, 1
• respectively. Top panels: distribution of A B and log T B levels at the position of HIZOA-S galaxies as a fraction of the total number within the respective latitude limits. The continuum shows a much sharper drop-off compared to A B (note the different scales). Middle panels: A B and log T B over the surveyed area calculated from a grid of cells of 0.
• 1 × 0.
• 1. Note the smoothness of the distributions and the similarity to the distribution in the top panel, apart from a bump around log T B ∼ 3.7 − 3.9. This is due to the Galactic Bulge and disappears completely when the region is limited to ℓ < 325
• . Bottom panels: the ratio of A B and log T B at the position of HIZOA-S galaxies to the overall survey values (a division of the top and middle histograms), which should be flat if there is no dependence. Table 4 Rauzy completeness limits for flux integral, mean flux density and scaled fluxes. T c = −3 and T c = −2 correspond to the 99.3% and 97.7% confidence bounds for the completeness limits, respectively; f is the fraction of galaxies above the completeness limit. Completeness limits refer to objects in the main survey region (212
and Galactic foreground brightness T B < 7 K. tional dependencies, such as with profile shape , are small for the hybrid limit.
Comparison with other H I catalogs
Two subsamples of the data presented here had been previously analysed: Henning et al. (2000) published 110 bright H I detections based on 8% of the full integration time and Juraszek et al. (2000) published 42 H I detections in the GA region based on 16% of the full integration time. All of these detections were recovered. The only H I detection with a large positional offset compared to the previous publications (d > 10 ′ ) is J1616-55 which is an extended, multi-component object described in detail in Staveley-Smith et al. (1998) (cf. note in Appendix A).
As is normal between adjacent cubes, there is a 1 • -overlap around l = 36
• and l = 196
• between this catalog and its extension to the north, HIZOA-N (Donley et al. 2005). The two catalogs have three galaxies in common. A further detection, found by us at l = 36.
• 06, is technically part of HIZOA-N but was missed there.
We compared our detections with HIPASS, which is an independent survey of the southern hemisphere ; hereafter HIPASS-South), and its extension to the north (Wong et al. 2006 ; hereafter HIPASS-North) at 20% of our integration time. There are 251 detections in common, only one of which is listed in HIPASS-North (J0705+02). One HIPASS detection is confused (J1000-58) and was resolved into two detections in our deeper survey. An additional two detections each are recorded in publications based on older versions of the HIPASS catalog, namely Kilborn There are a further 23 galaxies (all in HIPASSSouth) that were not detected in HIZOA-S, see Table 5 . On closer inspection, we find 8 detections likely to be real, of which four were detected in the visual searches but lie below our limit for inclusion (usually due to locally high rms), while the other four are located near the edge of a cube and were thus missed due to the higher noise (though they were also below our acceptance limit).
Of the 15 HIPASS detections considered not to be real, seven were labeled in the HIPASS catalog as 'have concerns' (quality flag q = 2), all of which have low SNR (< 5.0); they could not be confirmed in our cubes. Three further detections with q = 1 have similarly low SNR and could not be confirmed by us either. One HIPASS detection (J1412−65) forms part of Circinus (our J1413−65 detection). The remaining four detections seem to be caused by RFI: they are narrow peaks with high SNR in the HIPASS spectra, but nothing is evident in the HIZOA cubes.
In Fig. 12 we compare the parameters of the 254 detections in common (excluding J1000−58). For HIPASS we use their width-maximised v 50 , w 50 and w 20 . Note that not all objects have an entry for these parameters, while our catalog also misses some of the w 20 parameters. Outliers are generally due to two reasons: (i) confused or lopsided profiles (all extreme cases fall into this category) and (ii) noisy profiles or profiles affected by a poor baseline. Table 6 gives the mean and standard deviations of the 'core' of the histograms shown in Fig. 12 (indicated with red vertical bars). In summary, we see no statistically significant systematic effects.
We have also compared our detections with the deeper, pointed Parkes survey of southern ZOA galaxies by Kraan-Korteweg et al. (2002) and Schröder et al. (2009) which has a typical rms of 2 − 6 mJy (hereafter referred to as PKS sample). We have 39 detections in common. In six cases the ID given in the PKS sample seems to be mis-judged (J1222−57, J1337−58B (confused profile), J1405−65, J1550−58, J1553−61, J1612−56; see Appendix A for details), which is mostly due to off-beam detections in the high galaxy density area in the GA region. The 23 detections in the PKS sample not recovered by us are usually below the HIZOA sensitivity limit or lie near the edge of our survey area and are thus lost in the noise (N = 20). Three PKS detections were detected in our visual searches but were just under the acceptance Table 6 .
limit.
A comparison of parameters gives similar values of mean and scatter as for HIPASS though with larger uncertainties due to the smaller number of samples. Outliers are due to confused profiles (N = 4) or low SNR/baseline variations (N = 2).
We have also used HyperLEDA to extract all galaxies with H I velocities within our survey region. Next to the HIPASS and PKS detections discussed above, there are 39 H I detections not detected by us. Of these, 31 are too faint or too close to the survey limits to be detectable by us. Four of these detections were found in the visual searches of the HIZOA cubes, but were under the acceptance limit. Two detections seem to Table 6 Comparison of HIPASS and HIZOA-S parameters. • and the overall variation of large-scale structure as a function of longitude (see also Fig. 14) .
Parameter
be off-beam detections of one of our detections: (i) J0806−27 was attributed to PGC022808 by Matthews & Gallagher (1996) ; and (ii) J0749−26B was correctly attributed to CGMW 2-1330 by Matthews et al. (1995) , but with the wrong coordinates (that is, it was cross-matched with PGC100722 in Hyper-LEDA). Two bright detections (with F > 50 Jy km s −1 ) could not be confirmed by us: ESO494-013 (reported by Kraan-Korteweg & Huchtmeier (1992) and which we detected as J0802−22 at a different velocity) and PGC2815809 (Huchtmeier et al. 2001) ; they are both detections with the Effelsberg Radio Telescope and possibly RFI.
Reliability
Within the boundaries of the full-sensitivity survey and the source detection adjudication process ( §3), the sample is expected to be nearly 100% reliable (cf. Donley et al. 2005) . The high reliability was ensured by a reasonably high cut-off in signal-to-noise ratio. No marginal detections were included in the catalog, though follow-up observations are planned to confirm some of these.
We have conducted two checks on the reliability: (i) Of 56 detections in the overlap regions between adjacent cubes, only two were not detected in both cubes: J1847+04 belongs nominally to the northern extension, and J0818−33 is faint and was not recognised in one cube due to large baseline variations near the edge of the cube.
(ii) We have cross-checked our detections with the non-detections in the deeper (but pointed) Parkes survey of optically-selected galaxies in the southern ZOA by Kraan-Korteweg et al. (2002) and Schröder et al. (2009) and found no false positives (with the caveat that a pointed survey has a different selection function than a blind survey).
Large-Scale Structure
In this section we investigate the large-scale distribution of the galaxies detected in this survey and discuss newly identified structures in the context of known large-scale structures in the immediate vicinity. For the latter we use publicly available data archives like HyperLEDA (Paturel et al. 2003) and, for some discussion, the 2MASS Redshift Survey (2MRS; Huchra et al. 2012) . We combine our survey with the northern extension (HIZOA-N; Donley et al. 2005) . That survey was observed with the same telescope using an identical strategy and analysed in exactly the same manner by the same team. The structures identified in HIZOA-N (two 16
• × 10 • fields) can be better appreciated by combining with the current HIZOA-S catalog. The combined HIZOA survey data cover the Galactic longitude range 52
• > ℓ > 196
• ) for the latitude range of |b| < 5
• (see Fig. 13 ).
Duplicates from overlap regions in the two surveys were eliminated. As discussed in §6.2, three galaxies were published in Donley et al. (2005) but nominally belong in the current HIZOA-S catalog, while there was one galaxy identified in the HIZOA-S cubes that technically belongs in HIZOA-N but was not listed there. This means that the total number of galaxies in the merged list sums to N = 957 rather than N = 960 (883 + 77).
For the large-scale structure discussion, all HIZOA galaxies will be used. Note though that 62 galaxies lie just beyond the nominal latitude limit (|b| > 5
• ) and a further one outside the longitude limit. The total number in the full-sensitivity survey area, away from the edges, is therefore N = 894 galaxies which translates to an average density of 0.41 galaxies per square degree for the nominal survey area of 2160 deg 2 . Figure 13 displays the distribution around the Galactic Plane of the 957 galaxies detected in the HI-ZOA survey. The survey areas are marked by the dashed line. The 63 galaxies that lie just beyond the nominal survey borders are easily identifiable. The resulting galaxy distribution shows remarkable substructures. These stand out even when ignoring the color-coding of the dots that symbolises different redshift ranges (cyan: 500 − 3500 km s −1 ; blue: 3500 − 6500 km s −1 ; red: 6500 − 9500 km s −1 ; black: 9500 − 12500 km s −1 ). The right-hand part of the plot shows a fairly smooth distribution of galaxies with an inkling of a filamentary feature crossing the Plane vertically in Puppis at about ℓ ∼ 245
2D and redshift distributions of the HIZOA galaxies
• . This part has an average detection rate (0.44 deg −2 ), similar to the mean of the survey. The middle part shows a clear density enhancement (0.6 deg −2 ) which is associated with the Great Attractor (GA), whereas the left part, centered around the Galactic Bulge, has few galaxies particularly at the lowest latitudes. The density of the detections is about half of that in the Puppis region, and a third of that in the GA region. This is mostly due to the dominance of the Local Void (LV; Tully & Fisher 1987; rather than a bias due to its location behind the Galactic Bulge. As discussed in §6, there is no dependence of the detection rate on foreground extinction levels, and only a minor reduction where the brightness temperature is elevated (T B 7 K). Only a small part of the survey area, generally limited to |b| 1.
• 0, has a higher detection threshold (cf. Figs. 7 and 9) .
The variation of the detection rate is not the only systematic apparent in Fig. 13 . The mean redshifts also show a striking difference as a function of longitude. The general Puppis area is dominated by nearby structures (cyan). The area centered on the GA is dominated by higher velocities (dark blue), particularly for longitudes of (290
• − 340 • ). The few galaxies uncovered at 340
• ℓ 52
• are mainly nearby but with some at higher redshift (red and black), suggestive of being at the far side of the LV.
This can be better appreciated in Fig. 14 which shows the overall velocity histogram (top panel), together with three velocity histograms subdivided in longitude ranges of width ∆ℓ = 72
• each. The histogram of the whole survey displays a fairly steep rise up to velocities of about 3000 km s −1 followed by a gradual drop-off towards the highest velocities which is consistent with expectations from the loss of sensitivity at higher redshifts. A distinct peak around 5000 km s −1 superimposed on the gradual drop-off is due to the GA overdensity (see 3rd panel). Note that galaxies are found all the way out to the velocity limit of the survey, and thus probe the local volume considerably deeper than HIPASS ).
In the second panel, the LV clearly dominates. There are very few galaxies up to about 4500 km s −1 , and only one below 1500 km s −1 . A broad peak ranging from about 4500 − 6500 km s −1 seems to demarcate the right-hand side of the boundary of the LV (ℓ ∼ 345
• ; see Fig. 15 ) as well as the far side of the LV (see Fig. 14.-Velocity histogram (v LG ) of the galaxies detected in the combined HIZOA survey (52
• ). The top panel shows all galaxies (N = 957); the subsequent panels are subdivided in three regions of equal width (∆ℓ = 72
• ). Each one describes and encompasses vastly different structures, namely the Local Void (LV; N = 154), the Great Attractor (GA; N = 462) and the Puppis (N = 341) region.
also Figs. 15 and 16) . A more detailed discussion on the extent of the LV can be found in , including preliminary data from an extension of the deep Parkes multibeam H I survey to higher latitudes around the Galactic Bulge. At higher velocities the numbers drop down to extremely low levels again, indicative of a further underdense region behind the LV, which probably is quite extended on the sky, because it is visible also in the third panel.
The third panel with its strong peak at about 5000 km s −1 is clearly dominated by the Norma supercluster Woudt et al. 2004; Radburn et al. 2006) . At lower velocities the numbers are also elevated. This can be explained by the nearer filament that crosses the plane at about 3000 km s −1 and links up with the Centaurus clusters at higher latitudes. The number counts at higher redshifts are particularly low, and the Norma overdensity seems well separated from other structures. This is not unexpected for a cosmic web-like Universe where underdense region are surrounded by wall-like structures.
The bottom panel is dominated by low-velocity galaxies (v LG 3000 km s −1 ). They form part of the quite distinct and much larger filament that crosses the Plane in Puppis. It will be discussed in more detail in Fig. 16 which merges the new detections with known features beyond the ZOA. The slight overdensity around 7500 km s −1 is real and seems suggestive of a more distant filament, one that has already been highlighted as such in early ZOA H I work by Chamaraux & Masnou (2004) .
New large-scale structures and their connectivity
In the following we give a qualitative description of new structures detected in HIZOA, and how they link and contribute to known structures based on the finalised H I data set. A few results have been previously presented based on preliminary catalogs (e.g., Henning et al. 2005) . A more quantitative analysis will be given in a subsequent paper; also included will be: (a) the further extension of the Parkes ZOA surveys to higher latitudes around the Galactic Bulge (±10
• for the longitude range 36
• > ℓ > 332
• , reaching up to higher positive latitudes (+15
• ) for 20
• > ℓ > 348
• ), where both the deep optical and nearinfrared 2MASS surveys fail at identifying galaxies due to stellar crowding; and (b) near-infrared counterparts of all HIZOA galaxies based on a systematic deep near-infrared (JHK S ) follow-up imaging observations Fig. 15 .-A redshift wedge plot for v LG < 12 000 km s −1 for the latitude range |b| < 5.
• 25 for the H I-detected galaxies in the HIZOA survey. Note the wall-like structure of the GA, the Norma supercluster, at about ∼ 4800 km s −1 that stretches in the range 345
• ℓ 290
• .
( Williams et al. 2014, Said et al. in prep.) . We investigate the large-scale structures by examining the redshift cone defined by the HIZOA galaxies (Fig. 15) , and we will refer to on-sky distributions for various redshift intervals at the same time (Fig. 16) . Figure 15 presents a redshift wedge with the HI-ZOA galaxies. The width of the wedge corresponds to the HIZOA survey width and includes all galaxies detected up to |b| ≤ 5.
• 25, the most opaque part of the Milky Way. It traces the structures along its full longitude range out to the velocity limit of v LG = 12 000 km s −1 . Hardly any of these galaxies were known before the HIZOA survey, apart from a handful of galaxies in the Puppis area where the dust column density is particularly low. The high efficiency of tracing large-scale structures with systematic H I surveys without hindrance by the foreground "pollution" of our Milky Way -which biases most other multiwavelength surveys (e.g., Kraan-Korteweg & Lahav 2000) -is clearly demonstrated. Figure 16 shows on-sky distributions in Galactic coordinates centered on the southern Galactic Plane. The H I-detected galaxies are plotted together with galaxies surrounding the ZOA using redshifts extracted from HyperLEDA 14 (Paturel et al. 2003) for the Galactic latitude range of |b| < 45
• to allow the interpretation of the newly revealed features in context with known large-scale structures. It should be emphasised that the merged samples are very differently selected. The HyperLEDA sample contains redshifts purely based on their availability in the literature and thus does not provide homogenous coverage. It also contains both radio and optically determined redshifts. Restricting the data to H I redshifts only results in an extremely shallow coverage -except for the Arecibo declination range -showing again the urgent need for the forthcoming SKA Pathfinder H I surveys. Another comparison sample could have been the 2MRS (Huchra et al. 2012) which is uniform and all-sky down to latitudes of |b| > 5
• . However, the H I and NIR selected surveys favor vastly different populations, gas-rich bluish versus early-type red galaxies, which leads to vastly different selection functions. The HIZOA galaxies are densest at low velocities because HIZOA is so sensitive to gas-rich nearby dwarfs which Fig. 16 .-Three sky projections in Galactic coordinates in redshift intervals of ∆v = 3000 km s −1 within 500 < v LG < 9500 km s −1 . The survey areas are outlined. The most distant slice (9500 < v LG < 12000 km s −1 ) is not presented due to the scarcity of detections at those redshifts (N = 36); but see Fig. 15 ). The HIZOA detections (larger dots) are combined with redshifts available in LEDA up to latitudes of |b| < 45
• to investigate the connectivity of newly revealed large-scale structures with known structures. Within the individual panels, the color-coding demarcates narrower velocity intervals (∆v = 1000 km s −1 ).
2MRS does not easily detect, whereas the 2MRS numbers steeply rise with redshift and the balance shifts rapidly. We hence prefer to use the HyperLEDA data sample to display the connectivity of structure across the Milky Way, because it overall it provides the deepest data set, hence the optimal source to delineate structure: voids remain empty if real, and filaments will only appear more pronounced when sampled more deeply. The panels in Fig. 16 show three contiguous shells in velocity space, each of width of 3000 km s −1 . Colors indicate finer redshift intervals within each panel. • 25; v LG < 4000 km s −1 ). The most prominent features mentioned in the text are marked. A very narrow filament or wall (marked 'ZOA filament') can be traced at about ∼ 2500 ± 100 km s −1 over the full longitude range of the wedge.
This figure also demonstrates quite clearly how well the inner ±5
• of the ZOA has been filled by the HIZOA survey (N = 408, N = 368 and N = 134 redshifts from top to bottom respectively). The last shell out to the velocity limit of the survey is not plotted here. Due to the low sensitivity in that redshift interval the detection rate is too low (N = 36; see also Fig. 14) to add much insight into larger structures; their distribution can be inspected in the redshift slice (Fig. 15) .
As before, we will focus on the three areas separately that are dominated by quite different large-scale structures, i.e., Puppis, GA and LV.
The Puppis region
The righthand side of Fig. 15 is quite crowded, particularly at the low velocity range in the Puppis region (ℓ ∼ 245
• ). For a better visualisation of these quite nearby structures we show a zoom-in version of the redshift slice in Fig. 17 . A nearby group and a slightly more distant small cluster at 700 and 1400 km s −1 , respectively, dubbed the Puppis 1 group and the Puppis 2 cluster, stand out. Both were found already in 1992 by Kraan-Korteweg & Huchtmeier through H I follow-up observations of optically visible galaxies in this area of low foreground extinction. Due to their proximity, both of these galaxy concentrations were also identified and described in the shallow survey (Henning et al. 2000) and in the H I Bright Galaxy Catalog (Koribalski et al. 2004) . At slightly higher redshifts we note the Puppis filament. There is a third concentration (not marked by a circle) at slightly higher longitudes and redshifts (ℓ ∼ 255
• , v ∼ 1700 km s −1 ), but it does not stand out as a group in three dimensions. Between 2000 and 3000 km s −1 we see a surprisingly narrow filament (henceforth referred to as the ZOA filament) that can be traced along the full longitude range of the Puppis wedge. It is well separated from other structures apart from where this filament crosses the Puppis filament (ℓ ∼ 245
• ) and the Hydra Wall (ℓ ∼ 278
• ). The Monocerus group (ℓ ∼ 220
• ; marked as green oval) was identified in Donley et al. (2005) . They suggested that the group might form part of the very narrow ZOA filament (see Fig. 16 ). A closer look at the Puppis cone presented here (Fig. 17) does, however, not entirely support this because they are distinct in redshift space.
The Puppis filament itself is a highly interesting feature; it is part of a very extended structure and can be traced over most of the southern sky (see top panel of Fig. 16 ). From far below the Galactic Plane (ℓ, b, v) • , 3400 km s −1 ) and then folds back crossing the Milky Way once more -this second crossing lies just in front of the Great Wall or Norma Wall crossing discussed in the next section. The filament traces a near-perfect sinewave-like structure in this projection, while in an equatorial projection it appears more circular. Its three-dimensional shape seems to be to be a long, straight filament. Interesting though is the length over which the filament is contiguous across the sky (∼ 180
• ), certainly in comparison to its narrow width. At a mean redshift of ∼ 3000 km s −1 this translates to about ∼ 100h −1 Mpc. Although interspersed with numerous galaxy groups, the filament is only about (∼ 5h −1 Mpc) wide, very different compared to the very broad, foam-like Norma Wall structure.
Various other filaments seem to intersect with the Puppis filament. The most prominent is a filamentary connection emanating from the Hydra cluster (270
• , 26
• , 3500 km s −1 ) towards Antlia (where it crosses the Puppis filament), from where it moves downwards in Fig. 16 , crossing the Plane at about ℓ ∼ 280
• . This continuation to latitudes of about −10
• was surmised early on by Kraan-Korteweg (1989) and Kraan-Korteweg et al. (1995) and now is substantiated with the present data set. The signature of the crossing is prominent, too, in Fig. 17 . It is conceivable that the Monocerus group (ℓ ∼ 220 • ) lines up with Antlia as well, but the sparsity of data in the Galactic latitude range between +5
• and +10
• precludes such a confirmation.
At higher redshifts (Fig. 15) we see a further indication of a possible cluster (Puppis 3) at about (ℓ, v) ∼ (242
• , 7000 km s −1 ). It is very prominent in the middle and bottom panels of the sky distributions, and appears to be embedded in a filamentary structure within the survey area. This overdensity is also picked up by Chamaraux & Masnou (2004) in their analysis of the Puppis Wall. They claim the existence of a large void between the Puppis Wall and this galaxy agglomeration. However, this is not evident from the figures presented here which show numerous galaxies in between these redshift ranges (see Fig.15 ). Furthermore, the clumping or filament at about 7000 km s −1 seems to be located in the middle of a large underdense region of an extent of nearly 40
• × 40 • .
The Great Attractor region
Overall, the large-scale structures revealed by the H I detections in Fig. 15 are clearly dominated by the GA, also referred to as the Norma Wall or the Norma supercluster (Kraan-Korteweg et al. 1994; Woudt et al. 1999 Woudt et al. , 2004 Radburn-Smith et al. 2006; Jarrett et al. 2007; Kraan-Korteweg et al. 2011) . The Norma Wall is centered on the Norma cluster, ACO 3627 (Abell, Corwin & Olowin 1989) , which has been identified as the most massive cluster in the GA region (Kraan-Korteweg et al. 1996; Woudt et al. 2008) . However, the Norma cluster itself (ℓ, b, v) = (325.
• 3, −7.
• 2, 4871 km s −1 ) lies just outside the boundaries of our HIZOA survey. The Norma Wall crosses the ZOA diagonally -from the Norma Cluster to the CIZA and Cen-Crux clusters on the opposite side of the ZOA (discussed below). The HIZOA survey traces some of its previously partly, or fully, obscured components in more detail, and has uncovered further galaxy concentrations that form part of the Norma supercluster, adding to the general overdensity in this part of the sky. A zoom-in redshift cone of the GA region is presented in Fig. 18 .
In this plot, the Norma Wall seems to stretch from 360
• to 290
• , lying always just below the 6000 km s −1 circle. Indeed, Woudt et al. (2004 Woudt et al. ( , 2008 have shown that both the Norma cluster and the wall in which it is embedded are well separated in space from other structures. At the lower longitudes a weak extension towards Vela (ℓ ∼ 270 • ) can be seen -marked as Norma Wall extension. The latter is more pronounced at higher latitudes (see middle panel of Fig. 16 ).
This Norma Wall is made up of various agglomerations. We will discuss them one by one, from left to right, respectively, high to low longitudes. Note that the galaxies around 6000 km s −1 and longitudes of ∼ 340
• − 360
• are not part of the Norma Wall. They might form part of the outer boundary of the LV though. The agglomeration around 340
• , denoted as the 2 nd Wall, is identified for the first time. It is marked with dashed lines because it is unclear whether this galaxy concentration extends above latitudes of |b| > 5
• , due to the overall high extinction and star density this close to the Galactic Bulge. The on-sky distribution seems to hint at a further wall parallel to the Centaurus Wall but at higher longitudes (see middle panel of Fig.16 ). The Galactic Bulge extension data, which will provide further H I detections up to higher latitudes around (ℓ, v) ∼ (340
• , 4500 km s −1 ), might • 25; v LG < 7500 km s −1 ) showing HIZOA galaxies. Note the wall-like structure of the GA, the Norma supercluster, at about ∼ 4800 km s −1 that stretches from about 340
• . The magenta hexagon marks the center of the Norma cluster which is located just below the HIZOA survey area (ℓ, b, v 
shed further light on this. Nevertheless, this galaxy concentration is a further contributor to the mass overdensity in this part of the sky.
ZOA crossing of the Norma Wall:
The largest clump (marked in dark blue) contains galaxies that start at the outer fringes of the Norma cluster, A3627 at
• , 4871 km s −1 ) (Woudt et al. 2008) , and extends diagonally across the ZOA (see also middle panel of Fig. 16 ). A small cluster, marked as NW3, has been identified for the first time within the Norma Wall. NW3 lies deep in the ZOA at (ℓ, b, v 
• , 4500 km s −1 ). At higher positive latitudes, the Norma Wall then encompasses two further condensations, NW2 and NW1 (ℓ ∼ 307
• and 300
• ), which may be groups (or small clusters). None of these were previously known. Both are located at b ∼ 4
• and quite distinct in Fig. 16 (middle panel). In between these two groups, a short Finger of God is evident at slightly higher redshifts (ℓ, b, v 
• , 5700 km s −1 ). This is due to galaxies in the outskirts of Centaurus-Crux/CIZA J 1324.7−5736 cluster, discovered independently by (i) Fairall, Woudt & Kraan-Korteweg (1998) , Woudt & Kraan-Korteweg (2001) , and Woudt et al. (2004) from deep optical galaxy searches and systematic redshift follow-ups, and (ii) Ebeling et al. (2002; and Mullis et al. (2005) in their search for X-ray clusters in the Zone of Avoidance. This cluster is the second most massive cluster within the Norma Wall, and has about 50 − 70% of the mass of the Norma cluster (Radburn-Smith et al. 2006) . From the CIZA cluster, the Norma Wall continues to higher latitudes and velocities (its lower latitude part is still visible in the wedge) where it connects to the cluster in Vela, Abell S0639 at (ℓ, b, v 
• , 6500 km s −1 ) (Stein 1997) .
Centaurus Wall groups:
Apart from new groups and clusters that form part of the GA overdensity, other significant new structures are identified at lower redshifts. Notable is the cluster CW2 centered at about (316
• , +3
• , 3800 km s −1 ) which is massive enough to display a small Finger of God. To the right of this (within the same red circle), a possible group of galaxies CW1 is visible at about (309
• , 3.
• 5, 3400 km s −1 ). They lie in front of the GA Wall and form part of the Centaurus Wall, a much narrower wall that lines up with the Centaurus cluster (302
• , 21
• , 3400 km s −1 ). The clumps form part of the sine-wave feature (top panel of Fig. 16 ). Two nearby filaments are also marked. They appear to point to the newly identified groups/clusters (marked by red lines), i.e., the one that approaches the cluster CW2 from the left at lower velocities is part of the sine-wave ZOA crossing visible in the on-sky projection at those longitudes (315
• − 330 • ). The other filament pointing towards the CW1 and CW2 clumps from the right (lower longitudes) is more difficult to discern in the on-sky distribution because it is cut into two parts by redshift division between the top and middle panel.
The PKS 1343−601 cluster: What is not very prominent in the HIZOA detections is the cluster around the strong radio source PKS 1343−601, also known as Cen B. Because the presence of a strong radio source often is indicative of a massive cluster, there was previous speculation (Kraan-Korteweg & Woudt 1999) whether a further dominant cluster that forms part of the Norma supercluster could have escaped detection due to its location at very low latitudes (b = 1.
• 7, and high extinction (A B = 10. m 8; Schlafly & Finkbeiner 2011). However, various deep nearinfrared studies of the cluster (Nagayama et al. 2004 , Schröder et al. 2007 , as well as a careful investigation of its X-ray-flux by Ebeling et al. (2005) do not support this hypothesis. The PKS 1343−601 cluster seems to be an intermediate size cluster, and forms part of the GA overdensity. We find some galaxies in that general area and velocity, but not many. The strong radio continuum emission of Cen B (79 Jy at 1410 MHz; Wright & Otrupcek 1990) suppresses galaxy detection in its immediate vicinity, but does not explain the absence of galaxies in our survey. It is possible that CW1, at only slightly higher latitude, is connected to or is part of this cluster.
Next to the Norma cluster, and the Centaurus-Crux cluster no further X-ray emission has been found that could point to the existence of a further massive cluster within the Norma Wall. However X-rays are subject to photoelectric absorption by Galactic gas and confusion with Galactic sources, which limits detection close to the Galactic Plane. Nevertheless, apart from the Norma and Centaurus Wall groups and clusters (NW1, NW2, NW3, CW1 and CW2), there is no evidence from the current H I survey, or previous surveys at other wavelengths, for further massive concentrations of galaxies within the Norma Wall.
The Local Void region
The left third of the HIZOA redshift slice (Fig. 15) is dominated by the LV. Both Figs. 15 & 16 indicate that the LV under-density appears to extend in the range of about 45
• > ℓ > 330
• for radial velocities v LG 6000 km s −1 , consistent with Tully's early definition (Tully & Fisher 1987) . The left-hand boundary had been uncovered in HIZOA-N (Donley et al. 2005) . The on-sky projections suggest that the LV is quite symmetric around the Galactic Plane reaching up to latitudes of about ±40
• on either side. It is thus quite a formidable structure in the nearby Universe. However, both the wedge and certainly the on-sky projection indicate that the LV is not nearly as empty as the previously available data suggest. The reason is that a large fraction of the LV is located behind the Galactic Bulge (GB) where dust extinction and star confusion reach much higher latitudes and the optical and NIR ZOA are substantially wider. The current HIZOA data alone do not reach high enough Galactic latitudes to bridge the gap. It is for this reason that the above mentioned GB-extension of HI-ZOA was launched. The GB-extension will improve the knowledge of the borders of the LV and Sagittarius Void (350
• , +0
• , 4500 km s −1 ; Fairall 1998), as well as the Ophiuchus cluster (0.
• 5, +9.
• 3, 9000 km s −1 ) studied optically and spectroscopically by Hasegawa et al. (2000) , and Wakamatsu et al. (2005) .
The galaxies detected in the LV predominantly seem to be low-mass (gas-rich) dwarf galaxies. This was also confirmed in a preliminary analysis of the GB extension ) which reveals some quite fine filaments, sparsely populated with lowmass galaxies, that permeate the LV. They probably are similar structures to what has been dubbed tendrils by Alpaslan et al. (2014) in the analysis of large-scale structures in GAMA. The LV population will be studied in more detail in a forthcoming paper.
Conclusions
We have presented data from a deep H I survey (HIZOA-S) with the multibeam receiver on the Parkes telescope in the southern 'Zone of Avoidance'. The region covered (36
• > ℓ > 212 • ; |b| < 5 • ) includes the highest obscuration for optical/IR observations and, near the Galactic Center, the highest stellar crowding. Of the 883 HIZOA-S galaxies detected, only 8% have existing optical redshifts. Nevertheless, on careful inspection of new and existing images and data sources, 78% of the detections have a counterpart visible in either the optical or the near-IR wavebands. A third of these have not been previously cataloged. The median distance between the H I position and the counterpart is 1.
′ 4 (95% of counterparts have d < 3. ′ 8), while the FWHP beam size is 15.
′ 5. For detected galaxies with low H I masses which are in areas of high extinction, we have mostly been unable to find counterparts.
The survey (with an average rms of 6 mJy) is 2-3 times deeper than HIPASS ). To suppress ringing from strong Galactic H I and recombination line emission, spectra have been Hanningsmoothed, so the velocity resolution is 50% poorer (27 km s −1 ). For the 251 brighter galaxies in common, the derived H I parameters (velocity, width and flux) for HIPASS and HIZOA-S are in excellent agreement.
The completeness as a function of Galactic background, flux and velocity width for the HIZOA-S catalog has been characterised in a manner that is independent of assumptions of homogeneity. This allows HIZOA-S to be used for quantitative study of the ZOA density field. The flux completeness limit for the main survey region (excluding edges) and at Galactic continuum temperatures < 7 K, is 2.8 Jy km s −1 at the mean sample velocity width of 160 km s −1 . This corresponds to a mean flux density limit of 17 mJy. The flux integral and flux density completeness limits scale as w 0.74 and w −0.26 , respectively; i.e., galaxies with narrow widths can be found at lower flux integrals and higher mean flux densities. There is some incompleteness at higher fluxes, but we also find 9% of HIZOA galaxies are detected at lower fluxes.
Several interesting new objects have been noted in HIZOA data and already published, including the nearby extended objects HIZOA J1514−52, J1532−56 and J1616−55 (Staveley-Smith et al. 1998) , the new nearby galaxy HIZSS 003 (Henning et al. 2000 , Massey, Henning & Kraan-Korteweg 2003 , Begum et al. 2005 , the fast rotator J1416−58 (Juraszek et al. 2000) and the massive J0836 − 43 galaxy (Donley et al. 2006; Cluver et al. 2008 Cluver et al. , 2010 . Notably no new nearby, massive galaxies similar to Circinus have been discovered, and there is no further room in the ZOA for such an object to be hidden within the areas mapped so far. However, the new catalog does contain a new galaxy, HIZOA J1353−58, which seems to be a possible companion (and the only candidate found to date) for the Circinus galaxy.
The main new results identified in this paper are the groups and clusters discussed in §7. For clarity, these are summarized in Table 7 . The HIZOA survey has clearly proved to be a highly successful approach in uncovering the large-scale structures in the ZOA most of which were previously unknown. This is particularly striking in the redshift cone in Fig. 15 , which reveals large-scale structure within the deepest obscuration layer of the Milky Way, reminiscent of the redshift cone of the Coma cluster in the so-called Great Wall (de Lapparent et al. 1986 ). The main difference is that the main Norma cluster lies just beyond the borders of the HIZOA survey. The combination with known structures adjacent to the ZOA (Fig. 16) shows how many of the in H I-detected features link up. HIZOA has resulted in an improved census of the GA region and an improved understanding of the extent of the Norma supercluster. The diagonal crossing of the supercluster is well traced by the new data and has led to the identification of further galaxy concentrations that form part of the wall-like structure, such as the NW3 cluster deep in the plane, and the NW2 and NW1 complexes that connect to the Cen-Crux clusters that lie just at the border of this survey. Hence, the Norma Wall is now seen to extend from Pavo II to the Norma cluster, the NW3 cluster, the NW2, NW1, and the CIZA clusters to the Vela cluster. Also remarkable are the two nearer clusters that lie within the Centaurus Wall, that have filaments pointing towards them, very similar to the legs and body of the Great Wall 'stickman'. We have also newly identified a potential second crossing at higher latitudes. Although not part of the Norma supercluster despite its redshift, this galaxy concentration also adds to the overall mass of the GA overdensity.
In the Puppis region, some of the unveiled clusters and groups have been seen in earlier H I-observations. However, what is confirmed is the earlier suspected Hy/Ant Wall, which can now be traced across the ZOA, as well as a full mapping of the Puppis filament, that forms part of the major sine-wave structure seen in the top panel of Fig. 16 . A new discovery is the Monoceros group, and a filamentary feature at mostly constant redshift that runs within the ZOA for a longitude range of nearly 80 degrees.
HIZOA has also confirmed the large extent of the Local Void. Nevertheless, quite a few nearby galaxies have been found behind the Galactic Bulge, indicating that the void is not quite as empty as previously suggested. These results bode well for the future with the forthcoming H I surveys that are planned with the SKA Pathfinders ASKAP (Wallaby) and WSRT/APERTIF. These surveys will together cover the whole sky and provide for the first time a deeper (z = 0 − 0.26) and well-resolved complete census of the large-scale structures in the sky, inclusive of the Milky Way.
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smaller diameter which agrees better with J0744−25. Paturel et al. (2003) observed 2MASX J07442386-2600016 and found a detection at v = 4686 km s −1 though with a very low SNR of 2.7.
J0808−35:
There are two candidates of similar size: 2MASX J08083663-3558328 is of a later spiral type and more inclined than 2MASX J08080066-3558243. The H I detection lies between these two galaxies, and from a closer inspection of the data cube it is likely that both galaxies contribute to the signal. Kraan-Korteweg et al. (in prep.) , using the NRT, detected 2MASX J08080066-3558243 without the broader base of our detection (which is therefore likely due to 2MASX J08083663-3558328).
an approximate position of (RA,Dec) ≃ (09:48:18.6,-56:29:49) and v ≃ 1641 km sB. Tables and figures available in electronic form only   Table 2 : H I and derived parameters Figure 1 : H I spectra of the newly detected galaxies in the HIZOA-S survey. Low order baselines (indicated by the solid line) are fitted, excluding the detections themselves (which are bracketed by the dash-dot vertical lines) and excluding the low and high-velocity edges to the left and right of the dashed vertical lines, respectively. 20% and 50% profile markers are visible.
